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SJMMARY
Spec5mensofvariousmetalsin selectedgeometriconfigurations
wereexposedtoliquidfluorineundercontrolledconditionsofflowand
pressure.Noneof themetalssmpleseroded,decomposed,orexhibited
anymeasurablephysicalor chemicalchanges.In a runmadewitha Teflon
l ssmple,instantaneouschemicalreactionanddecompositionoccurred.
$“
m FluorinewasforcedthroughO.0135-inch-inside-dismeterm tslori-C.a ficeswithpressuresup to15CX)poundspersquareinchandvelocitiesup
to 376feetpersecond;themaxhumcumulativeflowtimeperspecimen
was1 hourandtheminimumwas22minutes.Largerorificesweresub-
jectedto evenhighervelocities(over400ft/see)forperiodsupto
60seconds.Onlya slightyellowishcolorappearedontheupstresmside
ofnickelandaluminumorifices.Thebrassorificeappearedslightly
darker,andthestainlesssteelappesredetched.
Impactplatesof stainless-steel.w dslagandslmninumsustained
fluorinenvironmentswithpressuresfrcm100to1350poundspersqpare
inchandvelocitiesfrom136to 355feetpersecondfornearly60seconds
withouteffectsotherthanslightdiscoloration.No reactionwaspro-
ducedby sharp-edgedturbulencetestwedgesof stainlesssteel,aluminum,
andbrassatvelocitiesupto169feetpersecond.
Reynoldsnumbersashighas 2,580,000wereattainedin3/4-inch
stainless-steeltubingsubmergedinliqtidnitrogen.Sectionsofl/4-
inchtubingwithstoodfluorineflowvelocitiesof over80feetpersecond
andcorrespontigReynoldsnumbersof approximately600,030withoutbeing
tiersedinliquidnitrogen.Thiswouldintica.te
slonearenotresponsibleforfailureofmetallic
i components.
Tworotating-vaneflow?netersweretested.A
b rotorshaftsupportsoperatedsatisfactorily;one
hathighflowrates
fluorine-system
typewithbsll-bearing
withbushing-type
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bearingswasinoperativeinsllrunsbecaus~.ofmechanicalfailureat
liquid-nitrogent mperatures.
INTRODUCTION
Fluorineisoneof themostreactiveof alloxidizingsgents,and ‘
itiscapableof reactingwithnearlyallmaterials.Becauseofthis
highreactivity,fdlureshavefrequentlyoccurredinfluorinesystems.
Theexactcauseoffluorine-systemfailureis seldomknown,sincethe
violenceofthereactiongenerallydestroystheevidence.Thecausecan
somettiesbe deduced,however,fromtheeffectsofthefailure.Reac-
tionsof fluorinethatcausethesefailuresarethoughtgenerallytobe
initiatedby oneormoreof
(1)
(2)
(3)
(4)
(5)
(6)
lhproperchoiceof
Highflowvelocity
Highpressure
thefollowingconditions:
materials
withresultingturbulenceandtipacteffects
Exposureof sharpedgesor cornersto fluorineflow
Conditionsoccurringfromhigh-velocityflowthroughpinhole
leaks
Contaminationcausinglocslizedreactions
Thisinvestigationwasmadeinaneffort odeterminetheextent a
whichsnyoftheseconditionscontributesto fluorine-systemfailures.
Metalsgenerallyconsideredtobe suitableforfluorineflowsystems
weretestedforcompatibilitywhenexposedto controlledfluorinenvir-
onments. Specimensofnickel,stainlesssteel,sluminum,andbrasswere
constructedinthreebasicconfigurations,representativeofthosecom-
monlyfoundinflowsystems:
(1)Orificesforproducinghighvelocitiesandsimulatingleaks
.
(2)Flat-facedplugsfor~act tes@
(3)Triangularwedgesforturbulenceeffectsandtheexpsureof
sharpedgesandcornersto fluorineflow
Thesespecimensweree~osedto flowvelocitiesup to 4CKlfeetyersecond
atpressuresupto15C@poundspersquareigch. @ addition,a Teflon
wedgewastestedforcompatibilitywithliquid-fluorineflowat50pou&ls
persquareinchgage.
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Mostofthetestswererunwiththeapparatussulxnergedinliquid
v nitrogenat-3200F; severslrunsweremadewithssmmlesofmetsltubim
initiallyatembientemperatures.
APPARATUS
Thefluorineflowsystemconsistedoftwostainless-steeltsnks
mountedin an insulatedliquid-nitrogencontainer.Apair of 3/4-inch
stainless-steelflowlineswithappropriatecontrolvslveswasinsttied
betweenthetankssothatfluorine couldbe cycledathighpressurefrom
onetanktotheotherthroughalternakpaths(fig.1).
Eachtankwasfittedwftha modified3-wayvalveforpressurizing
smdventing.Thesemodifiedvalves,equivalenttotwostandardvalves
mountedon a “’I!”fitting,minimizedthenumberofvslvesandvelvecon-
nectionsintheapparatus.Thethreecontrolvalves(fig.1) andboth
Al three-wsyvslveswereequippedwithstainless-steelb lows-sealssem-0 bliesinsteadofthestsrdardvalve-stempacking;velvebodiesweremonel
x or stainlessteel.Control-valvebellowswerepressure-equalizeddi-
q rectlywiththetaakpressure.Pneumaticactuatorswereusedon dl
a
valvesforremotecontrol.
Threetypesof connectionswereusedinconstructingtheflowappa-
ratus.Permsnentlinesandfittingswereweldedbymeansof thestan~d
V-notchweldingtechnique;slltheweldedJointsintheapparatuswere
X-rsyphotographedto ensuregoodweldqualityb orderto eliminatepos-
sibleuncontrolledfailures.Allremovablesectionshadflangedconnec-
tions;theflangefaceswereserratedwithconcentricringsthatyressed
intosoftannealedsluminumgasketsl/16-inchthick.A thirdtypeof
connectionwasusedforvslveinstaJ2ation:Flangednippleswerescrewed
intothethreadedsectionsof thevalvebodiesandsilver-solderedor
Nicro-brazedinplace,dependingon thevalve-bodymaterial;thiseMm-
inatedtheunreliabilityof theordinarythreadedconnectioninfluorine
service.
An electricalsafetysystemwasincorporatedbymappingallcrit-
icslpartsoftheflowsystemwithwire. Thus,a fluorineburnoutwould
burnthroughthewire,breakthecircuit,andso causeallpressurizing
md flowvalvesto closeandbothventvslvesto open.
Typicsltest-piececonfigurationsareshownintheschematic
sketchesof figure2. Pinholeorifices(0.0135-in.sndO.025-in.I.D.)
l
andsharp-edgedorifices(0.125-in.I D.)wereusedforsimulatingleaks
anddeterminingerosionendreactioneffectsofhigh-velocityfluorine
flow.Rounded-approachorifices(0.125-in.I D.)wereusedto @inge
fluorineagainstipactspectiensathighvelocities.Sharp-edgedwedges
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wereinsertedintotheflowsystemto studytheeffectof severeturbu-
lenceandtheexposureof sharpedgestofluorineflow.
Twoseriesofrunsweremadeto determinetheeffectofhighpres-
sures,highflowvelocities,ad suddencompression stainless-steel
andsluminumtubingwtthouthebenefitsofliqy.id-nitiogenjacketing.
Flsngedadapterswereattachedto12-footlengthsofl/4-inch-diameter
tubing. At the6-footpoint,a standard“T”fittingwasinstalledwith
a 4-inch,closed-endcompressiontubeconnectedtotheopenleg(fig.2).
Thepurposeofthe“T”sectionwasstiplytoaggravatetheconditionsby
creatingdiscontinuityinthelinessadtoprovidegreaterpossibility
of adiabaticcompressionf gasbubblesin,~efluidin anattempto
createlocalized“hot-spots.”
To establishthefeasibilityofusingrotating-valve-typeflow-
metersforliquid-fluorine”service,twosuchflowmeterswereinstslled
intheapparatuswithm l/8-inch-dismeterorificelocatedownstreamof
eachmeter.Withthissystem,themetersweresubjectedtohighpres-
sures,whilethedownstreamorificemaintainedreasonableflowrates.
Oneflowmeterwasstainlesssteelwith
otherwasbrasswitha stainless-steel
rotor-supportbearings.
In additiontothesetestpieces,
lines,andtsnksoftheflowapparatus
bilitywithfluorine.
bsll-bearingrotormounts.The
rotorandbrass,bushing-type
thetubing,fittings,valves,
were.SLSOevsluatedforcompati-
To
ticukr
PROCEDURE
elhlnatefluorine-systemfstlurescausedby cont~nsnts,par-
emphasiswasplacedonthecleaning,surfacepassivation,and
assemblytechniquesusedtopreparetheapparatusforfluorineservice.
Thesetechniqueswereevolvedfrompaste~eriencesndpracticesin
handlingliquidfluorine.Thefollowingprocedureisnowconsideredto
be goodstandardpractice:
Partsoftheapparatusarefirstexaminedforburrs,metalshavings
andfilings,organicmaterial,snddirtthatC= be removedmechanically
orwithsuitablesolvents.Eachpartisthenwashedwitha 10-percent
solutionofnitricacidandrinsedwithwater.A dry~”‘agentsuchas
acetoneisusedto removethewaterandre&idus3contaminants,after
whichthepartsarethoroughlypurgedand~ied withnitrogenorhelium
gas. In designandduringassembly,csre=ouldbe tskento avoidpock-
etsor crevices,sincea smoothandcontinuoussin?faceisdesirablein
orderto avoidthe.trappingof contaminants.
l
-,.:
+.&~.,
—
-,.
--
,-
.
*
u —-
*.
g
—
e
.-
0
—
—
-.
-—
—
.—
—
.-
—.
1
...-
.
—
——
..
—
NACARME58DlJ_ 5
Aftersssembly,thesystemispressure-testedwithinertgas(helim
* ornitrogen)at125to130percentofworkingpressure.In additionto a
timedpressuretest,sJljoints,seals,andconnectionsarebubble-
checkedwitha soapsolution.Whena leak-proofsystemhasbeenobtained,
thesystemisventedandevacuatedto renmveanyremaidngvolatiles.
Fluorinegasistitroducedatpressuresfrom50 to100poundsper
squareinch ageandisheldfora totalof 8 to 24hoursforcomplete
?passivationorpickling)ofthefluorinesysta. Thesystemisthen
readytobe putintoservice.
Fluorinewasloadedby condensingthegasintothetanksimnersed
inliquidnitrogen.Thequantityof fluorineusedin“eachseriesof runs
wasmeasuredby observingtheinitialandfinslpressuresandtemperatures
ofthefluorinegas-storagesystem.Aftereachseriesof runs,thenitro-
genjacketwasdrained,andthefluorinewassnowedto evaporateback
intothestoragecontainers.Unrecoverableor residualfluorinewasdis-
posedofby passingthegasthrougha carbon-fluorinereactor(ref.1).
Whennotinuse,thetesta~aratuswaskeptat a slightlypositivepres-
. surewithheliuminordertopreventaccumulationsofmoistureor con-
taminantsintheairfromenteringthesystem.
“ Theexperimentalrunsweremadewithtwospecimensmountedinthe
apparatuseachtime. Arrangementsofthetestsectionsareshownin fig-
ure3. Fluorinewasforcedthroughthefirsttestsectionathighveloc-
ity, fromonetsmktotheother,bymeansofheliumpressurizinggas.
Thereturnpasswasmadesirdlarlythro@ thesecondtestsection.l?low
timesforeachrunwereobtainedfromtherecordedpressureprofileof
thereceivingfluorinetamk.
Thermocoupleswereimbeddedinthespecimensatpointswherepres-
sureandvelocityconditionsweremostsevere.Thetemperatureswere
recordedon strip-chartecorders,witha controlsystemthattripped
am automaticshutdowncircuitif a temperatureincreaseofmorethan20°
F occurred.
Afterexposureto theprogramedconditions,testspecimenswereto
be evaluatedby thefollowingcriteria:
(1)Changesin weight
(2)Chemicaldecomposition,erosion,andothersurfaceffectsby
visualexamination,microphotograph,andelectron
diffractions
*
.
(3)Temperatureincreaseinthetest-piecetipduringthetestby
meansof thethermocou@einserts
Thisinvestigation
theapparatus~erged
wereexpectedto reduce
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RESULTSANDDISCUSSION
wasconductedundercontro~edconditionswith
b liquidnitrogenat -3200F. Thesecon~tions
therateof chemicalormechanicalattackso
thattheinitiatingfactorscouldbe isolatedsndtheeffectsquan~~ta-
tivelymeasured.However,therewereno casesofprogressivechemical
attackon anyofthemetallicspectiens.Thenmstsignificantresultof
high-pressure,high-velocityfluorineflowonthemetalstestedwasthe
evidentresistanceto reaction.No erosion,decomposition,ormeasur-
ablechangeinweightoccurred.A tabulationoftheexpertientalcondi-
tions-d exposuretimesispres&tedintableI.
FlowThroughOrifices
Fluorinewasforcedthroughpinholeorifices(0.0135-in.I D.)with
velocitiesfrom184to 376feetpersecond.Maximumaccumulatedflow
the perspecimenwas1 hour;theminhumwas22 minutes. Largerori-
fices(0.025-in.I D.leak-simulatorandO.125-in.I.D.rounded-approach)
weresubjectedtovelocitiesof approximately400feetpersecondfor
periodsup to 60seconds.Althoughtheappsratushadbeenthoroughly
cleanedandpickled,a smallmmmt ofmetsl-fluoridesedimentwasformed
intheprocessof surfacepassivation.Occasionallythismaterialwould
accumulateneartheleak-sinnilatororificesandpsrtisllyblocktheopen-
ings. Theseopeningswereclearedby reversingtheflowdirectionmomen-
tarilyorbyblowingheliwnthroughtheotificeinthereversedirection.
A slightyellowishdiscolorationa~.=ed ontheupstresmsideof
thenickelandsluminumorifices.Thebrassorificeappearedslightly
darkerafterexposuretofluorine,andthestaMless-steelorificehada
frostedappearance;as innickelandsluminvm,theseeffectsweregreater
on theupstreamsideoftheorificeplate.._Thedegreeof discoloration
correspondedto thefluoridefilmformedonthesurfacesofthediffer-
entmaterials,thehigherpressuresndlo&er exposuretimesproducing
heavieror darkerfilms.
,..
@act andTurbulenceTests
Fluorinewasimpingedsgainstimpactspecimensatvelocitiesup to
350feetpersecond,smdsharp-edgedturbulencetestwedgeswereexposed
to fluorineflowratesof169feetpersecond.Totsle~s~e t~es
variedfrom3 to58 seconds.Thebrassmd sluminumturbulencew dges
efiibitedfilmformationsshil.sxzto thoseontheorifices.Thesepro-
tectivefluoridefilmswereextremelythin;eventhemostminutesurface
scratchescouldbe seenthroughthem.
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Thermocouplesimbeddedinthespechnensrecordednearlyconstant
temperaturesthroughouttheruns.Veryslightdeviationswereobserved
duringtheturbulencetests;theseprobablywerecausedby thetransfer
ofheatfromthecompressedheliumto thespecimenaftertheliquid
fluorinehadpassed.
~OW ThrOUgh Tubing
Thetestswithl/4-inch-dismeterstainless-steelandaluminumtubing
weremadeby suddenlyreleasingliquidfluorineatlWO poundspersquare
inchgsgeintothetubes,whichcontainedgaseousfluorineat smbient
temperature.Theresultingcompression,followedby velocitiesashigh
as 87feetpersecond,hadno adverseffectson thesystem.Theresults
ofthecmmlativeexposureof thetanksandlinesof theappsratusto the
conditionsof thisinvestigationweresimilartothoseobservedon the
individualspecimens.Thestainless-steelsurfacesappearedtobe slight-
ly dtied andetched.TheReynoldsnmbersobtained,shownintableI,
rangedfrom88,~ to 632,000forthel/4-inchtubingandashighas
2,580,000forthe3/4-inchapparatusflowlines.
Flowmeters
Sixrunsweremadethroughtherotating-vaneflowmeterswithpres-
suresincreasingto a mexhnumof1200poundspersquareinchgsge.Ap-
proximately60poundsof fluorinewasmeasuredovera totslexposuretime
of 66seconds.Theflowmeterwithball-bearingrotorsupportsoperated
satisfactorilyin ellsixruns.Thenmber of cyclespersecondis in
linearagre-nt withthefluorineflowratein fiveoftheruns. The
deviationinrun3 wasprobably’duetooperationalerror.However,upon
inspectionitwasfoundthattherotor-mountretaineringshadbecome
dislodged.Furtheroperationmighthavecausedfailure.Theseretainer
ringswereprobablyloosenedwhentheinstrumentwassubmergedinliquid
nitrogen.
Theflowmeterwithbushing-typeb aringsapparentlyfailedwhensub-
mergedintheliqtidnitrogen.‘I!herotorwas“frozen”throughoutthe
tests.Laterinspectionrevesledlongitudinalfailureof therotorshsft
dueto compressiveforces.Thismayhavebeencausedby thedifference
intheexpansioncoefficientbetweenthebrasshousingandthesteel
rotorshsft.Therewasno evidenceoffluorineattackon theinstrument.
MiscellaneousResults
A specialtestwasmadewitha triangubr-wedgeturbulence-testspec-
imenmadeofTeflon(poly%etrafluoroethylene)inorderto confirmits
—8 NACARM E5&bll -
reactivitywithliquidfluorineunderdynsmiconditions.Teflonhti
previouslybeentestedstaticsJlyinliqtidfluorineat1500poundsper
squareinchgagewithoutreaction(ref.2)andhasbeenusedsuccessz
fullyforvalvestempackingandgasketmaterislby avoidingdirectcon-
tactwithliquid-fluorineflow.
.. ..-7:. -.
Undertheflowconditionsofthispresentrun,failurewas sponta-
neousandviolentat 50poundspersqu=e.tich.Reactionbeg= tiedi-
atelyafterthefluorineflowvelvewasopened,auda smallpieceof
Teflonwasblownclearofthereactionarea.Theremdningpartwasun-
changed;chemicalreactionhadoccurredevenlyoveritsentiresurface
areaandhadresultedshply indiminishhigthesizeoftheoriginel
piece.A photogra@ofthereactedtestspectien,togetherwiththeorig-
inalconfiguration,isshowninfigure4. Thebackupflangeusedto
clampthespecimeninthehousinghada 3/4-incholethroughitscenter,
sothattheTeflonbaseactedasitsownblowoutdisk.Thisfeature,to-
getherwiththeinhibitingeffectoftheliquid-nitrogenbath,prevented
dsmagetotherestofthesystem.
ThefactthatTeflonwithstoodthestaticexposuretoliquidfluo-
rineandyetfailedinthedynemictestisofparticularinterest.Met-
slsforma protectivefluoridesurfacefi+gwhenexposedto fluorine;
Teflon,ontheotherhand,tendsto react-withfluorinetobre~--loti-- ‘
tiepolymerandformssaturatedlow-mlecular-weightfluorocarbons,such
asCF4(refs.3 and4). Thesefluorocarbonswouldnotadheretothe
Teflonsurfacein a dynemicsystemand,therefore,wouldbe ofnovalue
as a protectivefilm.
The followingresults
..—
SUMMARYOFRES~TS
wereobtainedfromrepeatedexposureofmetal
specimenstoliq~d fluorineunderdynamiconditions:
1.Nomeasurablephysicalerosionor chemicalattackoccurredwith
nickel,stainlesssteel,slluminum,orbrsks”.
2.Alltheconfigurationstestedwerefoundtobe acceptablefor
fluorinesystemsundertheconditionsimposed;theseincludedorifices,
sharp-edgedwedges,andimpactplates.
3.Flowvelocitiesup to 400feetpersecondatpressuresup to
1500po~ds persquareinchgagefailedto causeerosion orto initiate
chemicelreactionofthemetalspecimenswithliquidfluorine.
4.Suddenreleaseofhigh-pressureliquidfluorineinmetaltubes
containinggaseousfluorinewithoutliquid-nitrogen~acketinghadno
effecton thesystem.
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5.Tworotating-vane-typeflowmeterswqretestedwithouthefailure
attributedtohigh-pressurefluorineflow,slthoughonemeterfailed
structurallyafterreachingliquid-nitrogent mperature.
6.Teflondidnotresistattackwhenexposedtoliquid-fluorine
flow.
CONCLUDINGREMARM
Theresultsofthisinvestigationshowthatturbulence,fluidfric-
tion,andimpacteffectsresultingfromhigh-pressure,high-velocity
liquid-fluorineflowthroughcleantubingorpastirregularlyshapedor
shsrp-edgedobjectsarenotlikelyto initiatefluorine-systemfailures.
Thesuccessfuloperationsachievedinthisseriesof compatibilityests
canbe attribute-dto themeticulouscarethatwastskenintheassembly,
clesning,andpassivationtechniquesusedbeforeexposureof thesystem
to severedynsmicfluorineservice.Therefore,improperchoiceofhard-
ware,poorassemblytechniques,andinadequatecleaningandpickling
proceduresareconsideredtobe theprimarycauseoffluorine-system
failures.
LewisFlightPropulsionLaboratory
NationalAdviso~CommitteeforAeronautics
Cleveland,Ohio,April17,1958
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TABLEI.-Conoluded.CO~~lBILITYOFKETAL9WITHLIQUIDFLUO~ATHJ.aH-S01E9ANDM VELOCITIES
}
.
%msntatmm.w.- -..
*1W 6yalus . 1 lb liquidrlnca.im,
.=
—
..
NACARME58D11
Helim”
pressurizing
g.as
t
—
— I.bdified3-wayvalve Modified3-vayvalvel
5ft :
~
Figure1.- High-pressure fluorineflowapperatue.
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(a)Leak-simulatororifices.
T
0.125-in.I.D. T&rmcouPle1Ii1IIIIII,.-,.--/—-/ well
0.375in.~
(c)Rounded-approachorifice. (d)Impactspecimen.
~0.123-in.I.D. +/~
(b)Sharp-edgedorifice.
(e)!kciangulawedge.
: : y “;~D a1Flangeconnection“T’’-fitting~1/4-In.tubimg.-. .-... ---
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~
(f)Testaectionforfluorimflowtestwittitliquid-nitmogenbath.
Figure2.- Testspecimenconfigurations.
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(a) Setupfortestingorifioes.
(b)Setupfortestingimpactandsharp-~dgedorificespecimens.
%’
(c)Setupfortestingturbulencew dges.
Figme3.- Flowdiagramshowingtest-sectionarrangement.
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(a) After expoewe. (b) Comfl.gurationbefore
exposure.
Figure 4. - Teflonturme speclmanexposed to fluorine flow.
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